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 1
Magnetic tunnel junctions  traditionally comprise electrodes of a common magnetic 
metal such as cobalt, separated by an ultra thin barrier such as Al O . The use2-4 of 
70Ca0.30MnO3 
 particularly 
l because of the high electrode spin polarisation5 and the clean crystalline 
int
Here we investigate manganite devices that are similar to the standard manganite tunnel 
junctions2,3 in that we use FMM La0.70Ca0.30MnO3 (LCMO30) electrodes, but different 
O40). Even 
 to be phase 
ndeed, phase 
en to coexist 
with insulating phases  which leads, for example, to non-volatile memory effects.15 Here, 
our study of phase separated LCMO40 is motivated by the fact that it should form a weak 
omain walls 
grown with 
 pulsed laser 
deposition using conditions for LCMO described elsewhere.9 X-ray diffraction was used to 
confirm the epitaxy of the heterostructure (Figure 1, inset). The 50 nm gold capping layer 
was grown in-situ (room temperature, ~10-6 Torr, 2.5 J.cm-2, 1 Hz) in order to improve 
contact resistance. 
Mesa devices with areas in the range A=5×5 µm2 to 19×19 µm2 were fabricated from 
the trilayer film using optical lithography, Ar ion milling, and sputtering to deposit silica 
insulation and gold contacts. The devices were fabricated in a manner equivalent to the 
1
2 3
ferromagnetic metallic (FMM) manganite electrodes of La0.70Sr0.30MnO3 or La0.
with an epitaxial insulating barrier of SrTiO3 or NdGaO3 (NGO) has proved
successfu
erfaces.6 
because the ultra-thin barrier is replaced with 20 nm of La0.60Ca0.40MnO3 (LCM
though bulk7 LCMO40 is regarded to be a FMM, LCMO40 films appear
separated8 (FMM+insulator) with a FMM volume fraction of <50%.9 I
separation is a hot topic in the manganites10,11, and the FMM phase is often se
12-14
magnetic link between LCMO30 electrodes and thus permit the formation of d
for electrical transport studies. 
A manganite trilayer of Au/LCMO30/LCMO40/LCMO30//NGO was 
nominal layer thicknesses 50 nm (bottom) and 20 nm (middle and top), by
 2
standard tunnel junctions reported in [3], apart from the above-mentioned replacement of the 
tunnel barrier with 20 nm of LCMO40 and the use of in-situ Au. In this Letter, we show 
2 P resistance 
tion of both 
 easy16 axis. 
top contact is shared between current and voltage leads in view of the fact that it is physically 
small. For all devices, current-voltage characteristics were found to be linear at all 
to 150 µA, 
V, in order to avoid undue heating in the low 
res ayer film was 
In Fig. 1 we present the zero-field device resistance as a function of temperature, which 
displays a distinct metal-insulator transition peaking just below 200 K. This corresponds well 
9 transition (at 
sistivity and 
ed feature at 
t resistance associated with the top electrode because the 
feature height varies according to the metallic element employed and the processing 
details.17,18 For instance, we have observed that Ar ion milling prior to Au deposition 
significantly increases the feature height. 
Fig. 2 shows device resistance as a function of applied magnetic field at 25 K after 
zero-field cooling. The observed two-state low-field switching is highly reproducible 
between field sweeps and cooling runs, with switching fields 
electrical transport data for the 5×5 µm  mesa only. Four-terminal CP
measurements were performed in a He closed cycle cryostat, as a func
temperature, and magnetic field applied parallel to the orthorhombic [100] film
As with standard tunnel junctions, these are not true four-terminal measurements since the 
measurement temperatures (20-300 K) and fields (±0.5 T), but only out 
corresponding to the small voltage of ~3 m
istance CPP mesa geometry. Magnetic characterization of the unpatterned tril
made using a vibrating sample magnetometer (VSM). 
to the metal insulator transition for LCMO40 films on NGO . The LCMO30 
265 K in films on NGO3) is not seen, which is reasonable given that the re
therefore the resistance of the LCMO40 at 265 K is relatively high9. The arrow
~80 K is attributed to the contac
R
cB 1  = (7±2) mT and 
R
cB 2  = 
(75±2) mT. In addition, a high-field magnetoresistance MR ~20%/T with limited hysteresis is 
 3
apparent. In Fig. 3 we present a minor hysteresis loop which permits a zero-field 
determination of the high and low resistance states of the device, which differ by (0.7±0.2) Ω. 
ed over 90 
w ~50 K, but any variation 
in 
. We identify 
Both configurations were found to be stable during measurements perform
minutes. The two-state switching (Figs. 2&3) is only present belo
its magnitude with temperature is beyond the resolution of our experiments. 
Results were qualitatively similar for all the mesa sizes that we studied
RB  with bottom electrode switching because itc1  was found to be independent of mesa size. 
By contrast, RcB 2  falls with increasing mesa size with 
R
19×19 µm  mesa. Resistance–area (RA) product values were independent of 
10
cB 2  = (55±2) mT for our largest 
2 area for A ≤ 
5 µm2 device 
eous current 
MO30 films 
(~100 µΩ.cm)  is 20 times smaller than the resistivity of LCMO40 films (~2000 µΩ.cm)9, 
because this ratio translates directly into the ratio of the resistances of the top LCMO30 
e in the 
ated with the 
ial LCMO30 
only shows  a few %/T at low temperatures, and LCMO40 alone would show22 20%/T at 
50 K, but here it is series with the rest of the device including the small top contact whose 
resistance is high. Indeed, this top contact dominates device resistance at 25 K, which limits 
our low-field MR to 3.5%. Based on preliminary studies that we have performed23 we suggest 
that the observed high-field MR is primarily due to the Ar ion milling, which affects every 
LCMO layer in the device, but not the in-situ top contact. 
×10 µm2, indicating that the low-temperature performance of our smallest 5×
(Figs. 2&3) is not influenced by MR artefacts19 associated with inhomogen
paths20. This is reasonable given that at low temperatures the resistivity of LC
16
electrode and the underlying LCMO40 layer, each of which occupies the same volum
mesas. 
The high-field MR of ~20%/T at 25 K (Fig. 2) is too large to be associ
intrinsic behaviour of the LCMO30 and LCMO40 layers. This is because epitax
21
 4
Fig. 4 displays 10 K easy-axis magnetic hysteresis measurements of an unpatterned 
trilayer that was codeposited with the film used for our devices. The hysteresis loop shows 
two abrupt jumps at McB 1  = (4.0±0.5) mT and 
M
cB 2  = (8.9±0.5) mT, which we suggest 
correspond to the switching of the two LCMO30 layers. We assign McB 1  and 
M
cB 2  to the 
our previous 
work on similar trilayers where magnetic switching corresponded clearly to layer 
thicknesses . However, in this case the jumps associated with the electrodes switching are 
smaller than expected (1.0 µ /Mn bottom layer, 2.4 µ /Mn top layer). This is reasonable 
le-d mai f m ete ength. 
O30 layer is 
switching fields of the bottom and top layers respectively, by comparison with 
24
B B
given that sing o n switching is not guaranteed in films o illim r side-l
Combining the magnetic and electrical data, we find that the bottom LCM
characterized by RcB 1 >
M
cB 1 , and the top layer is characterized by 
R
cB 2 >>
M
cB 2 . The 
differences in these electrically and magnetically measured switching fields arise as a 
consequence of the patterning that was required for the electrical measurements. The small 
yer is attributed to the top of it being damaged from overmilling 
du ombination of 
tropy as seen 
destruction of 
magnetic domain walls, presumably in the LCMO40 interlayer which acts as a weak 
magnetic link between the LCMO30 electrodes. (Note that epitaxial films of LCMO30 alone 
do not show low-field MR switching.26) We suggest that the ∼50% FMM volume fraction9 of 
LCMO40 halves the effective conducting area of the 5×5 µm2 mesa, such that the data in 
Fig. 3 represents a domain wall RA∼10-11 Ωm2. Note that we are assuming that the length 
scale of the phase separation is smaller than the side of the mesa. This is reasonable given 
increase for the bottom la
ring mesa definition. The larger increase for the top layer is attributed to a c
the demagnetizing field in the mesa, and milling-induced edge roughness aniso
in manganite tunnel junctions.25 
The electrical switching seen in Figs. 2&3 is attributed to the creation and 
 5
sub-micron phase separation in the bulk , and indeed it is very plausible given the 
observation of equivalent RA values in several devices (up to and including 10×10 µm2 
me
ht orders of 
 cobalt (RA ∼ 
 the presence 
of additional structure, such as the formation of a mesoscopic insulating phase at the wall 
centre. Indeed, manganites are known to display mesoscopic10 and unexpected phases.29 
Ho sulating wall, 
i tivated by the 
resistance of 
RA∼10  Ωm .  We suggest that the two order of magnitude improvement presented here 
could arise for several reasons. Firstly, the electronic doping in our LCMO40 interlayer is 
8,9 ould produce 
 our vertical 
ly, the CPP 
y used for the 
lateral structures.  Fourthly, the domain walls here are likely to be constrained in at least one 
dimension because (a) the 20 nm LCMO40 layer is thinner than the natural domain wall 
width of 38 nm for LCMO30,30 and (b) conduction through the LCMO40 layer may take 
place via filamentary pathways.8,24 Note that geometrical constraints alone can be responsible 
for large domain wall resistances,31 and could explain recently observed values32 of 
RA∼2.5×10-13 Ωm2, in a device of the large bandwidth manganite La2/3Sr1/3MnO3 where 
12
sas). 
The domain wall resistance we measure here (RA∼10-11 Ωm2) is eig
magnitude larger than the values reported for standard magnetic metals such as
4.1×10-19 – 8.7×10-19 Ωm2).27 As previously suggested,11,28 this could be due to
wever, our current-voltage characteristics do not reveal the nature of the in
given that we could only apply ~3 mV, as explained earlier. 
Doma n wall studies in LCMO30 thin film lateral devices, which were mo
suggestion of mesoscopic wall centre phases, recorded a domain wall 
-13 2 28
more extreme, such that this composition shows phase separation effects  that c
a mesoscopic structure in domain wall centres. Secondly, the strain fields in
structures are likely to be different from those in lateral devices. Third
measurement geometry here differs from the current-in-the-plane (CIP) geometr
28
 6
phase separation is less likely, especially if the active region of each constriction, designed to 
trap domain walls, has a reduced radius of curvature31 due to degradation from milling. 
aration in the 
efficient spin 
r evidently 
e possibility 
of mesoscopic self-organised domain wall structures. Note that an equally large but 
irreproducible RA∼10-11 Ωm2 was previously obtained33 by nanopatterning a FMM 
cibly achieve 
e effects that 
may regard the formation of nanostructures 
wi otechnology, 
beyond the standard top-down and bottom-up approaches. 
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The experiments presented here exploit both half-metallicity and phase sep
manganites. The half-metallic character of the LCMO30 electrodes permits 
injection and analysis. The phase-separated character8 of the LCMO40 interlaye
weakens the magnetic coupling between the LCMO30 electrodes, and permits th
manganite to create domain walls at nanoconstrictions. By contrast, we reprodu
this value within continuous crystal lattices. It is hard to understand the size of th
we observe if nanostructures do not form. One 
thin continuous crystal lattices to represent a Third Way34 of approaching nan
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FIGURE CAPTIONS 
Figure 1. Zero-field CPP device resistance versus temperature, at a measurement current of 
terlayer. The 
e.17,19 Inset: 
 scan of the trilayer film used to make the device. Peaks indexed in 
the pseudo-cubic notation. 
 
Figure 2. Major loops showing CPP device resistance versus applied magnetic field, at 25 K 
after zero-field cooling. The field was oriented parallel to the orthorhombic [100] easy axis15 
of the LCMO30 layers, and swept in ±550 mT. The two-state switching is attributed to the 
Figure 3. Minor loop corresponding to the major loop from Figure 2. The low and high 
resistance states in zero field are attributed to the presence of domain walls in percolating 
nostructures. 
0 mT.) 
d trilayer of 
LCMO30(20 nm)/LCMO40(20 nm)/LCMO30(50 nm)/NGO, measured at 10 K along the in-
plane orthorhombic [100] direction, and corrected for the paramagnetic NGO substrate.  The 
phase separated LCMO40 middle layer weakens the ferromagnetic coupling between the 
LCMO30 top and bottom layers, permitting parallel and antiparallel magnetic states. 
 
 
 
10 µA. The large metal-insulator transition is attributed to the LCMO40 in
arrowed feature is attributed to degraded LCMO30 beneath the top electrod
High-resolution x-ray
LCMO30 electrode magnetization configurations indicated. 
 
pathways in LCMO40. These domain walls represent self-organised na
(Absolute resistance values subject to run-to-run thermal drift. Initial field =-55
 
Figure 4. Magnetization versus applied magnetic field for an unpatterne
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